The three-dimensional interaction potential for I 2 ͑B 3 ⌸ 0 u +͒ + He is computed using accurate ab initio methods and a large basis set. Scalar relativistic effects are accounted for by large-core relativistic pseudopotentials for the iodine atoms. Using multireference configuration interaction calculations with subsequent treatment of spin-orbit coupling, it is shown for linear and perpendicular structures of the complex that the interaction potential for I 2 ͑B 3 ⌸ 0 u +͒ + He is very well approximated by the average of the 3 AЈ and 3 AЉ interaction potentials obtained without spin-orbit coupling. The three-dimensional 3 AЈ and 3 AЉ interaction potentials are computed at the unrestricted open-shell coupled-cluster level of theory using large basis sets. Bound state calculations based on the averaged surface are carried out and binding energies, vibrationally averaged structures, and frequencies are determined. These results are found to be in excellent accord with recent experimental measurements from laser-induced fluorescence and action spectra of HeI 2 . Furthermore, in combination with a recent X-state potential, the spectral blueshift is obtained and compared with available experimental values.
I. INTRODUCTION
In recent years ab initio electronic structure calculations have advanced to a point that they are useful for determining accurate potential energy surfaces ͑PESs͒ for rare gasdihalogen van der Waals ͑vdW͒ species. [1] [2] [3] [4] [5] [6] So far, the majority of the ab initio studies of such complexes was focused on the topology of the ground PESs, which was found to be more anisotropic than expected. There are only few ab initio results for the excited electronic states. Recently, ab initio calculations have been reported for the B states of the He-Cl 2 ͑Ref. 2͒ and He-Br 2 ͑Ref. 7͒ systems. For He-Cl 2 these potentials have been used in B ← X dynamics simulations, while only semiempirical potentials were used in theoretical studies of the B-state dynamics of other similar systems. 8, 9 The experimental data available on the structure and dynamics of these systems originate mainly from B ← X excitation spectroscopy. [10] [11] [12] To accurately model the dynamics of an open-shell system, one has to account for spin-orbit effects, which leads to an interaction of different adiabatic states. Ab initio electronic structure calculations that incorporate the spin-orbit interaction have been presented recently for the NeCl 2 B-state complex. 13 The electronic mixing has been considered at three selected angular configurations, and a new mechanism has been proposed for electronic energy transfer from highly vibrationally excited B-state levels. For an accurate dynamics treatment, several global potential energy and spin-orbit coupling surfaces would be required in this case.
Such calculations as well as first principles dynamics simulations that incorporate all coupling effects still remain a challenge for open-shell systems, particularly for the ones containing heavy halogen atoms. The HeI 2 vdW cluster has been extensively studied by Levy and co-workers. 14, 15 By resolving the rotational structure of the fluorescence excitation spectrum of the B ← X transition, the structure of the complex has been determined for both electronic states. Spectral blueshifts and predissociation linewidths for low and high v levels 15, 16 have also been measured for the B state by frequency-resolved experiments. Time-resolved experiments carried out by Gutmann et al. 17 yielded vibrational predissociation lifetimes for a range of low v levels. Other data available are the X and B binding energies, 15, 18 which were inferred from the product distributions of vibrational predissociation in the B excited state. In addition, recent experimental studies by Loomis and coworkers of the B ← X spectrum have shown that the spectral features are associated with transitions of multiple conformers of several He-XY complexes, 11, 12 and binding energies and structures of the ground and B excited state isomers have been reported for He-I 2 . 19 A direct comparison with experiment requires theoretical PESs of the same quality for both electronic states involved. To our knowledge, there is so far no ab initio calculation of PES of the HeI 2 ͑B͒ complex. Only recently, a threedimensional ab initio CCSD͑T͒ PES has been reported for the ground HeI 2 ͑X͒ complex. 20 In this work we present calculations of the HeI 2 ͑B͒ interaction potential. We use the supermolecular approach and the spin unrestricted open-shell coupled-cluster ͓ROHF-UCCSD͑T͔͒ method. Scalar relativ-istic effects are included by using large-core pseudopotentials for the I atoms, and large augmented correlation consistent polarized basis sets are employed to ensure convergence of the interaction energies. As will be discussed in the next section, spin-orbit coupling effects can be accurately accounted for by averaging the 3 AЈ and 3 AЉ interaction potentials. The new ab initio B-state PES, in combination with the CCSD͑T͒ X-state PES, will allow us to make a first comparison with data obtained by experimental measurements.
II. COMPUTATIONAL METHODS AND RESULTS

A. Ab initio electronic structure calculations
All ab initio calculations have been performed with the MOLPRO program. 21 We use Jacobi coordinates ͑r , R , ͒ to describe the PES for the HeI 2 complex, where R is the distance of the He atom from the center of mass of I 2 , r is the bond length of I 2 , and is the angle between the R and r vectors.
Scalar relativistic effects were accounted for by using relativistic effective core potentials ͑ECPs͒ for the I atoms. Two different ECPs, developed by the groups of Stoll and Dolg in Stuttgart have been compared: a large-core potential denoted ECP46MDF, 22 and a small-core potential denoted ECP28MDF. 23 The basis set used in the large-core calculations was optimized for the ECP46MDF potential by Dolg. 22 This basis is of quadruple zeta quality ͑7s7p4d3f2g͓6s6p4d3f2g͔͒ and includes diffuse s, p, and d functions. The parameters for the ECP46MDF potential and the associated basis set can be found in the supplementary material. 24 For the small-core calculations, we used the augmented correlation consistent basis sets aug-cc-pVQZ-PP and aug-cc-pV5Z-PP optimized by Peterson. For He, the corresponding aug-cc-pVnZ basis sets 25 were used. In order to account for core-valence correlation effects, a core polarization potential 26 ͑CPP͒ was used in the large-core calculations. The parameters of this potential were 22 ͑all values in a.u.͒ ␣ = 1.028 ͑core polarizability͒, r c = 1.23 ͑cut-off radius͒, and q =2 ͑exponent in cut-off function͒. For the small-core calculations one would either have to reoptimize these parameters, or to explicitly correlate the 18 additional electrons, using a larger basis set with tight polarization functions. Neither of these possibilities have been attempted in the current work, i.e., core-core and core-valence correlation effects were entirely neglected in the small-core calculations.
The accuracy of the ECPs and associated basis sets and the importance of spin-orbit effects on the interaction potentials was tested using internally contracted multireference configuration interaction ͑MRCI͒ calculations. [27] [28] [29] The orbitals were optimized in state-averaged complete active space self-consisted-field ͑CASSCF͒ calculations, 30, 31 and the CASSCF wave functions were used as reference functions in the MRCI. In all cases, a full valence active space ͑14 electrons in 8 orbitals for I 2 and 16 electrons in 9 orbitals for HeI 2 ͒ was used, and all 18 states ͑9 singlets and 9 triplets͒ that correlate asymptotically with the I͑ 2 P͒ +I͑ 2 P͒ asymptote were included in the state-averaging procedure. Using the resulting orbitals, MRCI calculations were performed for the 18 states. The Davidson correction ͑+Q͒ was applied to all energies in order to account approximately for higher excitations and to reduce the size consistency error. For simplicity, we will omit the specification +Q in the following. Only the valence electrons were correlated, as already mentioned above. The spin-orbit matrix elements were computed as described in Ref. 32 . The spin-orbit operator was approximated by one-electron ECPs. Finally, the matrix H el + H SO was set up in the basis of the 36 spin states and diagonalized in order to obtain the adiabatic spin-orbit eigenstates. Here H el is a diagonal matrix containing the MRCI energies. Most of the resulting spin-orbit ͑SO͒ states are repulsive. In the following, we will only consider the bound X 1 ⌺ g + and B 3 ⌸ 0 u + states. For comparison, we also performed ROHF-UCCSD͑T͒ calculations. 33 In these calculations spin-orbit effects were entirely neglected. Since the 1 ⌺ g + and 3 ⌸ u states are the lowest in their symmetries, there is no problem to use single reference coupled-cluster methods around the equilibrium distance. However, at extended bond distances a second configuration becomes increasingly important, and the ROHF-UCCSD͑T͒ energies for the B state become unreasonable for bond distances longer than about 3.5 Å.
We first consider the isolated I 2 molecule and demonstrate the effect of the various approximations ͑ECP, spin orbit, MRCI, and UCCSD͑T͒͒ on the spectroscopic constants of the X 1 ⌺ g + and B 3 ⌸ 0 u + states. The harmonic and anharmonic vibrational constants e and e x e , respectively, were computed from the energy derivatives at r e , obtained from polynomial fits of ninth degree to 12 points. The asymptotic MRCI energies used to evaluate the dissociation energies were computed at a large distance, while the asymptotic UCCSD͑T͒ energies were taken to be twice the energy of an isolated iodine atom. In Table I the results obtained with small-and large-core ECPs are compared with the experimental values. 34 The UCCSD͑T͒ and MRCI values are computed from the energies without spin-orbit coupling; the MRCI+ SO ones include spin-orbit coupling. The asymptotic energy of I 2 is split into three equally spaced levels, corresponding to the I͑ 2 P 3/2 ͒ ϫ I͑ 2 P 3/2 ͒ ͑16-fold degenerate͒, I͑ 2 P 3/2 ͒ ϫ I͑ 2 P 1/2 ͒ ͑16-fold degenerate͒, and I͑ 2 P 1/2 ͒ ϫ I͑ 2 P 1/2 ͒ ͑4-fold degenerate͒ asymptotes. The spacing between these levels corresponds to the splitting of the I͑ 2 P 3/2 ͒ and I͑ 2 P 1/2 ͒ states, and using the large-core potential this splitting is computed to be 0.936 eV ͑exp. 0.942 eV͒. Thus, the SO coupling lowers the I͑ 2 P 3/2 ͒ ϫ I͑ 2 P 3/2 ͒ asymptote by 0.624 eV and raises the I͑ 2 P 3/2 ͒ ϫ I͑ 2 P 1/2 ͒ asymptote by 0.312 eV relative to the energy obtained without SO coupling.
The X 1 ⌺ g + state correlates with the lowest asymptote, and since the SO coupling has only a rather small effect ͑−0.08 eV͒ on the energy at the equilibrium distance, the SO coupling lowers the dissociation energy by 0.54 eV. Correspondingly, the SO effect slightly increases the equilibrium distance and lowers the harmonic vibrational frequency of the X state. The B state correlates with the I͑ 2 P 3/2 ͒ ϫ I͑ 2 P 1/2 ͒ asymptote, and in the basis of the 36 valence states it is a pure mixture of the unperturbed degenerate 3 ⌸ x and 3 ⌸ y states. Thus, a change of the B-state potential can only arise from the distance dependence of the spin-orbit coupling. Therefore, the SO effect on the equilibrium distance and harmonic vibrational frequency is quite small. The adiabatic excitation energy T e is raised by 0.38 eV, which is mainly due to the raise of the B-state potential by the SO coupling, as discussed above for the asymptotic energy.
The spectroscopic constants obtained with the large-core potentials and MRCI+ SO are in good agreement with the experimental data and previous calculations. 35 For the B state, the equilibrium distance is predicted slightly too long and the harmonic frequency is somewhat too small. In contrary, the UCCSD͑T͒ calculations underestimate r e and overestimate e by about the same amount. The errors are somewhat larger for the small-core calculations, despite the fact that a very large basis set ͑aug-cc-pV5Z-PP͒ has been used. This is almost certainly due to the neglect of core-core and core-valence correlation effects in these calculations ͑see above͒. In fact, if the effect of the CPP on the results of the large-core calculations is added to the small-core ones, the agreement with the experimental results improves and becomes comparable to the large-core calculations.
We now turn to the He-I 2 interaction energies. The supermolecular method is used for the calculation of the interaction energies ⌬E͑r , R , ͒ = E HeI 2 ͑r , R , ͒ − E He − E I 2 ͑r͒, and the counterpoise ͑CP͒ method 36 is used to correct for basis set superposition errors. Since the MRCI method is not size consistent, the interaction energy does not become zero at large distances. Assuming that the size consistency error is independent of R, ⌬E͑r , ϱ , ͒ is subtracted from all values ⌬E͑r , R , ͒ in order to correct for this error. Since the UCCSD͑T͒ method is size consistent, this correction is not necessary for the coupled-cluster calculations.
We will first consider the case without SO coupling. The presence of the He atom lowers the symmetry, and for nonlinear geometries of the complex the two degenerate 3 ⌸ u states of I 2 split into two states of 3 AЈ and 3 AЉ symmetries. In the former case, the singly occupied g orbital lies in the molecular plane and faces He, while in the latter case it is perpendicular to the plane. In C 2v symmetry ͑T-shaped con- This approach will be used in the remainder of this paper. In Fig. 2 the averaged MRCI and UCCSD͑T͒ interaction potentials are compared, again for linear and T-shaped geometries. It is found that the UCCSD͑T͒ well depths are significantly lower than the MRCI ones. This is mainly attributed to the effect of the triple excitations. We therefore decided to use the UCCSD͑T͒ method for all further calculations. Table II shows a comparison of UCCSD͑T͒ interaction energies for small-and large-core effective core potentials and different basis sets. For the small-core ECPs a series of correlation consistent basis sets are available, and this allows us to extrapolate the energies to the ͑approximate͒ complete basis set ͑CBS͒ limit. We have performed an extrapolation of the correlation energies using the aug-cc-pVQZ and aug-ccpV5Z basis sets, assuming E n = E CBS + A / n 3 , where n is the cardinal number. The extrapolated correlation energies were added to the aug-cc-pV5Z Hartree-Fock energies. The extrapolation was performed for all individual energies, and the CP corrected interaction energies were computed thereafter. It is found that the extrapolated interaction energies of the small-core calculations are in very good agreement with the large-core calculation, using aug-cc-pV5Z for He. Due to the different ECPs and basis sets, and the neglect of core-valence correlation in the small-core calculations, this may be somewhat fortuitous. Nevertheless, we decided to perform the final calculations using the large-core ECP, since this is not only computationally more efficient, but also yielded more accurate results for the I 2 spectroscopic constants. Test calculations showed that the g functions of the aug-cc-pV5Z basis for He have only a very small effect ͑Ͻ1 cm −1 for the binding energies͒. Therefore, the final calculations of the potential were performed with the aug-cc-pV5Z͑spdf͒ basis for He.
Table II also shows a calculation with the ͑3s3p2d2f1g͒ set of bond functions, 37 placed in the middle between He and the center of mass of I 2 . Since these functions have no effect on the asymptotic energy, they necessarily lead to a stabilization of the complex. In the current case it appears that the bond functions lead to an overestimation of the binding energy, and therefore they were not considered any further.
Intermolecular energies were calculated for 10-15 R distances ranging from R = 3.35 to 30 Å. The angle was varied between 0°and 90°in steps of 15°, and the I 2 bond lengths were taken to be r = 2.65, 2.85, 3.024, 3.20, and 3.45 Å. These r values are chosen around the equilibrium distance of r e = 3.024 Å and span a range that is large enough to describe the first few excited vibrational levels of I 2 ͑B͒. The computed UCCSD͑T͒ interaction energies for the AЈ / AЉ states of HeI 2 are listed in the supplementary material. 24 It should be noted that for r = 3.45 Å and for angular configurations different than the linear and T-shaped ones, we could not achieve convergence in the UCCSD͑T͒ procedure. This 3 AЈ surface still has only a T-shaped minimum, but the 3 AЉ one has two minima at T-shaped and linear structures. This is similar as for the interaction potential of the X 1 ⌺ g + state. 20 The small barrier between the minima at linear and T-shaped geometries can be attributed to the fact that in the 3 AЉ state the helium atom lies in plane of the doubly occupied g orbital. Due to the nodes of this orbital the repulsion should be maximum at intermediate angles, and this seems to overcompensate the attractive dispersion interaction. Figure 3 shows a comparison of the minimum energy paths as a function of for the 3 AЈ and 3 AЉ states for r e = 3.024 Å. The T-shaped configuration is the global minimum of both potentials. The well depths of the fitted 3 AЈ / 3 AЉ surfaces are computed to be 29.64/ 37.97 for r = 2.65 Å, 26.25/ 33.37 cm −1 for r e = 3.024 Å, and 25.52/ 31.01 for r = 3.45 Å. At r = 3.024 Å the AЉ PES has a shallow well for linear configurations with a dissociation energy of D e = 17.76 cm −1 at R = 5.7 Å. For an extended I 2 distance of r = 3.45 Å the well depth increases to 19.36 cm −1 at R = 5.8 Å. One should note that as the I-I bond is lengthened the energy difference between the linear and T-shaped wells is decreasing for both states.
B. Representation of potential energy surface and bound state calculations
As noted previously, the 3 AЈ and 3 AЉ states are coupled by spin-orbit interaction. A proper formalism for dynamics calculations is given in Refs. 38 and 39 for scattering and bound states, respectively. In particular, for bound state calculation an effective Hamiltonian, which includes the spinorbit coupling term, should be employed following the formalism given in Ref. 39 . Following Refs. 38-40, the matrix elements of the interaction potential in the atom-diatom case can be represented as the sum or difference of the AЈ and AЉ potentials. In the present case the spin-orbit splitting of the three I 2 ͑B 3 ⌸ u ͒ states is three to four orders of magnitude larger that the minute difference of the 3 AЈ and 3 AЉ states. Consequently, these states interacting with He atom can be approximated by the sum of the adiabatic states ͑appropri-ately modified by spin-orbit coupling͒ with the difference of the AЈ and AЉ potentials being negligible.
As shown in the previous section, the interaction potential of the B state is very well approximated by the average of the AЈ and AЉ potentials V B = ͑V3 AЈ + V3 AЉ ͒ / 2, and as in previous studies of similar complexes, 2,7,41 a spin-free closed-shell-type Hamiltonian is employed here to study the nuclear dynamics in the B state.
An analytical functional form based on a Legendre polynomial expansion is chosen to describe the two-dimensional averaged He-I 2 interaction potential
Due to the symmetry of the system with respect to = 90°o nly even terms of contribute in the expansion. The V k ͑R͒ coefficients are obtained by a collocation method applying the following procedure. First, for each bond distance r k ͑k =1-4͒ and each angle i ͑i =1-7͒, a Morse-vdW function
is fitted to the corresponding UCCSD͑T͒ ab initio data. The parameters ␣ 0 ik ␣ 1 ik , ␣ 2 ik , ␣ 3 ik , and ␣ 4 ik are obtained using a nonlinear least square fitting procedure. The resulting values are given in the supplementary material. 24 The coefficients V k ͑R͒ are then obtained by solving the set of Eqs. ͑1͒, using the expression of Eq. ͑2͒ for each value of . This model potential very well reproduces the ab initio values, with a maximum standard deviation of 0.026 cm −1 and an average standard deviation of 0.015 cm −1 for all ͑r , R , ͒ calculated values. Finally, for a three-dimensional ͑3D͒ representation of the potential a one-dimensional cubic spline interpolation is employed for the r coordinate. Figure 4 shows the minimum energy path, V B m , as a function of the angle for the four r values studied. The interaction energy as well as the anisotropy decrease with increasing bond distance. The global minimum occurs at T-shaped geometries. At the longest bond distance ͑r = 3.2 Å͒, there is a second local minimum at linear geometries, which is separated from the global minimum by a low barrier.
For the nuclear bound state calculations, the potential is vibrationally averaged using the I 2 ͑B , v =0͒ vibrational eigenfunction v ͑r͒ with associated eigenvalues E I 2 ͑v͒. A cubic spline interpolation of the MRCI+ SO ab initio data ͑see Table I͒ is used to represent the I 2 ͑B͒ potential as a function of r. In Fig. 5 a two-dimensional 
where Ĥ is the full spin-free Hamiltonian of HeI 2 , B v is the vibrationally averaged rotational constant of I 2 ͑B , v͒, l is the orbital angular momentum operator of HeI 2 , and ĵ is the nuclear rotational angular momentum operator of the I 2 diatom, associated with the vectors R and r, respectively, leading to a total angular momentum Ĵ = l+ ĵ. The reduced masses are calculated using the atomic masses of 4 The Hamiltonian is represented in a finite threedimensional basis set. The V v,v potential matrix elements are calculated using a 21-point Gaussian quadrature in the r coordinate, while for the angular coordinate we used a basis of orthonormalized Legendre polynomials ͕P j ͑cos ͖͒ with up to 40 values ͑even and odd͒ of the diatomic rotation quantum number j. For the radial R coordinate, a basis set of 60 discrete variable representation functions over the range from R = 1.75 to 15 Å is used based on the particle in a box eigenfunctions. 42 All calculations are performed for J =0. In Table III the results of the present calculations are summarized and compared with those of previous theoretical and experimental studies. Direct experimental data are available for the D 0 value of the B state, the energy difference between the first two vibrational levels, E 01 , as well as for the spectral blueshift with respect to the corresponding band of the uncomplexed iodine molecule, 15, 16, 43 and for the predissociation linewidths for low and high v levels. [14] [15] [16] [17] Based on their experimental data Blazy et al. have derived Morse potential parameters for the He-I 2 B-state complex, 15 and the intermolecular stretching frequency for the T-shaped well was estimated to be 7.02-7.18 cm −1 . Later, Delgado-Barrio and co-workers 44 have suggested, using a sum of Morse pairwise potentials fitted to the experimental vibrational predissociation rates, that the first excited level of the B state and the above frequencies correspond to an excitation of the bending motion. More recently, Gray and Wozny have also presented a semiempirical Morse potential adjusted to reproduce the experimental vibrational predissociation rates of the HeI 2 ͑B͒ system. In the present work a direct comparison with these semiempirical and experimental data is made by using a one-dimensional Morse potential fitted to the UCCSD͑T͒ data for = 90°͑see Table III͒. One can see that the potential parameters and spectroscopic constants obtained from the semiempirical potentials compare very well with the results from the one-dimensional ͑1D͒-UCCSD͑T͒ ab initio PES, while the agreement with the experimental parameters is rather poor.
In Table III we also present the results obtained from the two-dimensional bound state calculations using the present vibrationally averaged 3D-UCCSD͑T͒ surface. The results show that the lowest vdW vibrational level ͑n =0͒ at an energy of −12.33 cm −1 corresponds to a T-shaped configuration ͑see Table IV It should be noted, however, that the present value is likely to be somewhat too low, since basis set improvements would probably increase the well depth. On the other hand, vibrational excitation of I 2 probably reduces the binding energy, since elongation of the I 2 bond distance reduces the well depth, as seen in Fig. 4 .
By analyzing the localization patterns of the corresponding wave functions, one can see in Fig. 6 that the first excited vdW levels correspond mainly to bending excitations. The energy difference E 01 between the first two vibrational vdW levels is calculated to be E͑n =1͒ − E͑n =0͒ = 3.97 cm −1 , which is smaller than the experimental value of 5.66 cm −1 reported by Smalley et al. 15, 43 We note that the value for the E͑n =1͒ level is not reported by Ray et al., 19 and thus no quantitative comparison with our result is presented here. One can also see in Table III that similar results are obtained for the E 01 value using a very recent semiempirical twodimensional ͑2D͒ potential. 9 This PES is based on a sum of pairwise He-I Morse functions plus a three body interaction term, adjusted to reproduce successfully both experimental blueshifts and vibrational predissociation lifetimes for He-I 2 ͑B , v͒ in the range v = 10-67 of the I 2 vibrational excitations. By comparing now with the results obtained from 1D Morse PES we conclude that, due to the high anharmonicity, a Morse potential is not an appropriate representation of the intermolecular potential of HeI 2 complex. which strongly favor the transition between the T-shaped n X = 2 and n B = 0 vdW levels, a value of 2. 
III. CONCLUSIONS
We reported ab initio calculations on the I 2 ͑B 3 ⌸ 0 u +͒ + He van der Waals complex. Using MRCI wave functions, it has been shown that the average of the 3 AЈ and 3 AЉ interaction potentials, which correlate with the 3 ⌸ u state of I 2 , is an excellent approximation for the interaction potential computed with spin-orbit coupling. Therefore, the potential energy surfaces of the 3 AЈ and 3 AЉ state were calculated at the UCCSD͑T͒ level of theory, employing large-core relativistic pseudopotentials for the iodine atoms. The average potential, which has a global minimum at a T-shaped structure, was used in subsequent variational bound state calculations for the complex.
Spin-free bound state calculations for J = 0 were carried out for the above surface. The binding energy, D 0 , is calculated to be 12.33 cm −1 . The vibrational ground state wave function is located around the T-shaped structure, and the vibrationally averaged He-I 2 distance is R v=0 = 4.58 Å. These values are in excellent accordance with the recent experiments by Ray et al. 19 and earlier experimental measurements by Levy and co-workers. 14, 15 The lowest excited bound state levels correspond mainly to the bending motion, and therefore 1D models, which take only into account the stretching coordinate, are unreasonable.
To our knowledge, this is the first ab initio study on the B excited state of HeI 2 . In combination with a previously computed ab initio CCSD͑T͒ potential energy surface for the ground X state the spectral blueshift value for HeI 2 ͑B , v =0͒ is predicted to be 2.35 cm −1 , which compares well with the experimental one of 3.44 cm −1 . 15, 43 The good agreement means that the X-and B-state binding energies are predicted with comparable accuracy, and ab initio calculations for excited states of rare gas-dihalogen vdW molecules can provide data that are useful for the interpretation of experimental data which are related to the location and depth of the potential minima.
For the HeI 2 ͑B͒ complex more experimental data are available from vibrational predissociation dynamics experiments 15, 17 for low and high v excitations. Additionally, experimental studies on the excitation B ← X spectrum of HeI 2 have been reported recently. 19 In order to simulate these experiments, accurate ab initio global potential energy surfaces for a more extended range of bond distances r than reported here are needed. Unfortunately, the single reference UCCSD͑T͒ approximation used in this work breaks down for extended bond distances of I 2 . Therefore, more sophisticated multireference methods, such as MRCI, would be needed for such calculations. Furthermore, it is possible that at some geometries the spin-orbit coupling causes strong couplings with other states, as recently found for NeCl 2 . 13 The theoretical treatment would then require the computation of a large number of states and couplings, and several coupled potentials would have to be included in the dynamics calculations. Such calculations are still beyond the current computational capabilities.
